The microdistribution of Mn (786 to 9480 ppm), Sr (<5 to 461 ppm), and Fe (52 to 16,700 ppm) was determined for cleat-filling calcites in the Herrin, Springfield, and Colchester Coals, using focussed synchrotron radiation. Compositional zonation in the calcites reflects a multistage history of precipitation from fluids with differing trace-element characteristics. In nearly all of the samples, a high Fe (>~5000 ppm) calcite is the latest composition to form, replacing earlier stages with varying, but generally lower Fe contents. Partitioning data for Sr suggest that a typical calcite with 200 ppm Sr formed from a fluid with a Sr/Ca of about 0.005. This Sr/Ca is ~4 times lower than seawater, and -12 times lower than the average for present day Illinois Basin saline formation waters. Formation of cleat-filling calcite is best explained by precipitation from fluids similar to present day dilute (shallow) formation waters having a meteoric source.
Introduction
Bituminous coals were produced in the Illinois basin as Pennsylvanian organic material was buried to a minimum depth of about 1500 m (Damberger 1971) . During its formation, very small scale (<1 to several m wide) subvertical fractures, known as cleats, developed in the coal, the result of dehydration, devolitilization, and stress (Ting 1977) . After basin sedimentation ceased, overlying sediments were gradually eroded to the present level, where Pennsylvanian coals occur from the surface to a depth of about 370 m.
At all stages of basin history, fluids have migrated through the coal seams, resulting in mineralization along the cleats. Early on, the fluid was saline, similar to present day formation waters at depth in the Illinois basin. At the present level of erosion, the original basinal brine has been replaced by less saline meteoric formation waters, derived from surface water or rainwater. The sequence of cleat mineralization is consequently an 
Conclusions
Cleat mineralization provides a valuable record of diagenetic fluid movement in coal-forming sedimentary basins. Synchrotron-probe data show repeated changes in the trace-element composition of fluids present during the latest diagenetic stage in Illinois Basin coals. Our data do not support a deep-basin source for the calcite-forming fluid. Taken together with existing stable isotope data and the position of the calcites at the end of the cleat-filling sequence, trace-element data are more consistent with calcite formation from fluids simi-lar to present-day shallow formation waters having a meteoric source. Our results support previous interpretations of stable isotope data for calcite separates, but reveal a more complex history of calcite precipitation.
